Objectives: Myasthenia gravis (MG) may be refractory to traditional therapies. Quality of life (QOL) and disease burden in patients with refractory and nonrefractory MG were compared using Myasthenia Gravis Foundation of America MG Patient Registry data.
INTRODUCTION
Myasthenia gravis (MG) is a rare, debilitating autoimmune disease caused by inhibition of neuromuscular transmission because of the binding of autoantibodies at the neuromuscular junction. MG often first manifests as weakness of ocular muscles (ocular MG), but approximately 75%-90% of cases progress to generalized MG (gMG) that affects other muscles including those in the face, neck, hands, and/or limbs. [1] [2] [3] [4] MG symptoms can manifest as slurred speech, inability to swallow, impaired mobility, impaired vision, and shortness of breath (with activity or at rest). Fatigue is also a common symptom and has been reported by 70%-85% of patients with gMG. 5, 6 The various disease manifestations can have a considerable negative impact on patients' activities of daily living (ADL), including eating and drinking, reading, driving, personal grooming, working, and meeting the needs of their families. Throughout the disease course, patients may experience exacerbations of their symptoms, which can be triggered by certain stressors (eg, some medications, infection, surgery, or emotional stress) 7 and may require hospitalization. Approximately 15%-20% of patients experience respiratory weakness severe enough to cause respiratory failure, known as myasthenic crisis, which can be life-threatening and require immediate intervention. 8, 9 In most countries, immunosuppressant therapies (ISTs) are not approved by regulatory bodies to treat MG 1, 10, 11 ; however, a range of nonspecific ISTs that interfere with autoimmune processes is used to manage the disease. 12 Patients with milder forms of MG may be effectively treated with acetylcholinesterase inhibitors and/or corticosteroids. Patients who do not achieve adequate symptom control or cannot tolerate these therapies may begin treatment with an IST such as This is an open-access article distributed under the terms of the Creative Commons AttributionNon Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.
azathioprine, mycophenolate, methotrexate, or rituximab. Symptoms can be managed in up to 90% of patients with immunosuppression, with some requiring an escalation in the dosage or number of therapies to achieve an acceptable response, or relying on chronic maintenance therapy with intravenous immunoglobulin (IVIg) or plasmapheresis/plasma exchange in an attempt to control their disease. 13 Approximately 10%-15% of patients with MG do not respond adequately to traditional therapies for MG, or cannot tolerate these therapies, and are considered to have refractory MG. 1, 11, [14] [15] [16] The health-related quality of life (QOL) of these patients with MG remains diminished compared with healthy controls, [17] [18] [19] [20] particularly among the subset who do not achieve adequate symptom control and those who endure burdensome side effects of therapy. 21, 22 However, no studies to date have evaluated the impact of refractory MG on QOL.
A recent real-world study of the clinical burden on patients with refractory MG reported that these individuals are significantly more likely to experience myasthenic exacerbations and crises, and are significantly more likely to visit an emergency department (ED) or be admitted to hospital than those with nonrefractory MG. 23 Based on these findings, it is reasonable to hypothesize that patients with refractory MG, whose disease is characterized by poorly controlled symptoms and higher levels of disease activity, experience worse QOL than patients with nonrefractory MG. The aim of the current analysis was to compare QOL and disease burden for individuals with refractory and nonrefractory MG.
MATERIALS AND METHODS
The study population was derived from the Myasthenia Gravis Foundation of America's MG Patient Registry, an active research database of treatment and patient information. The registry is open to adults at least 18 years of age who reside in the United
States. An online enrollment survey is completed by all participants on entry into the registry. The survey consists of approximately 200 questions covering categories including demographics, MG history, comorbidities, past and current therapies, family history of MG, functionalities, lifestyle, employment status, and QOL. This study included data from enrollment surveys completed between July 2013 (the start of the registry) and June 2016. A shorter online survey is sent to registry participants to complete every 6 months after enrollment; no data from postenrollment surveys were included in this study. The study was approved by the institutional review board of the University of Alabama at Birmingham. Data were deidentified for research, and consent for participation was provided by participants electronically at registration, before completion of the survey.
Participants in this study were at least 18 years of age and reported having a physician-confirmed diagnosis of MG at least 2 years before completing the enrollment survey. The 2-year requirement was imposed to minimize the risk that a participant with refractory MG would be misclassified as having nonrefractory disease due to insufficient time on treatment to experience no response or inadequate response.
Information from the enrollment survey, including treatment types and durations, and MG ADL Scale (MG-ADL) total score, was used to classify participants as having either refractory or nonrefractory MG. Information on historical treatments is dependent on patients' recall when they complete the survey. The MG-ADL is a validated 8-item patientreported outcome measure that assesses relevant MG symptoms and their functional impact on the patient. 24, 25 Participants report the level of functional disability [from 0 (normal) to 3 (most severe)] in the past 4 weeks (as specified by the registry survey) for each of the 8 items [ocular (2 items), bulbar (3 items), respiratory (1 item), and gross motor or limb impairment (2 items)]. Summation of item scores by severity level constitutes an MG-ADL total score ranging from 0 to 24, where a higher score indicates a higher level of functional disability. Participants were classified as having refractory MG if they met the following criteria: 1. Past treatment (before registry enrollment):
a. Past use of at least 2 of the following ISTs: prednisone, azathioprine, mycophenolate, cyclosporine, tacrolimus, methotrexate, cyclophosphamide, and/or rituximab for at least 6 months each, OR b. Past use of at least 1 IST (listed above)
for any duration AND repeated use of IVIg or plasmapheresis, defined as at least 4 rounds in the past year AND 2. Treatment at enrollment: use of at least one of the following: prednisone, azathioprine, mycophenolate, cyclosporine, tacrolimus, methotrexate, cyclophosphamide, rituximab, IVIg, or plasmapheresis, AND 3. An MG-ADL total score at enrollment of at least 6.
Participants meeting the treatment criteria for refractory MG but with an MG-ADL score less than 6 were excluded because these participants were deemed to have insufficient functional impairment to be characterized as having refractory MG. Those who did not meet the past or current (at enrollment) treatment criteria for refractory MG were considered to have nonrefractory disease, regardless of their MG-ADL score. Participants lacking complete MG-ADL data or sufficient treatment duration data to be classified as refractory or nonrefractory were excluded from the analyses.
The primary outcome measures of interest from the enrollment survey were total and item-specific MG QOL 15-item scale (MG-QOL15) scores. The MG-QOL15 is the most commonly reported MG-specific QOL measure; it was developed to reliably capture patients' perceptions of impairment and disability, and the degree to which disease manifestations are tolerated. 26, 27 The instrument is sensitive to the longitudinal course of the disease and the acute impact of clinical events such as crises and exacerbations. 27 It comprises 15 questions about possible effects of MG, with responses to each question scored 0 (not at all), 1 (a little bit), 2 (somewhat), 3 (quite a bit), or 4 (very much), with possible total scores ranging from 0 to 60, with higher scores representing worse QOL as assessed over a recall period of the previous few weeks (as specified by the survey). 28 Other variables of interest due to their potential association with QOL included MG-ADL total scores and participant demographics, MG disease characteristics, and functionalities. Disease characteristics included age at diagnosis, time since diagnosis, and indicators of MG activity, such as number of exacerbations and ED and hospital visits in the previous 6 months. Exacerbations are defined in the survey as having a duration longer than 7 days and occurring at least 30 days after the last exacerbation. Measures of functionality, fatigue, and depression included the 8-item QOL in Neurological Disorders (NeuroQoL) Lower Extremity Function Scale, the 8-item NeuroQoL Upper Extremity Function Scale, and the 8-item Short Form NeuroQoL Fatigue Scale. Depression was assessed using a singlequestion Likert scale (0 for no symptoms of depression to 5 for total depression), assessing symptoms in the past month in relation to depression status before developing MG. Finally, overall health status was also assessed using a single-question Likert scale (1 for excellent health to 5 for poor health).
The frequencies and mean values of each study variable were compared between participants with refractory and those with nonrefractory MG using x 2 tests for categorical variables and t tests for continuous variables. In addition, a sensitivity analysis was performed to evaluate any effects on the refractory group of retaining the participants who met treatment criteria for refractory MG but had MG-ADL total scores less than 6. For participants with any missing items on the MG-QOL15, a maximum of 2 missing items were estimated using the proportional method of imputation based on participants' responses to the other items on the questionnaire. MG-ADL and MG-QOL15 total scores were compared using Pearson correlation analyses. P values of ,0.05 were considered significant. Analyses were performed using SAS version 9.4.
RESULTS
A total of 799 participants had been diagnosed with MG at least 2 years before completing the enrollment survey, had provided sufficient information on the types and durations of prescribed treatments, and had complete MG-ADL data to allow for classification of refractory or nonrefractory disease. Of these 799 participants, 56 (7.0%) met the criteria for refractory MG and 717 were classified as having nonrefractory MG. A total of 26/799 participants met the treatment failure criteria for refractory MG but had MG-ADL total scores of less than 6 and were therefore excluded from the analysis; these 26 "treatment-refractory" participants were included in a sensitivity analysis with the 56 who met the full-study refractory criteria. The final study population comprised 773 individuals [56 (7.2%) with refractory and 717 (92.8%) with nonrefractory MG].
Demographic characteristics are presented in Table 1 . Participants with refractory MG were significantly younger than those with nonrefractory MG at the time of initial diagnosis (mean 36.5 years and 45.8 years, respectively; P , 0.0001) and at the time of registry enrollment (mean 48.5 years and 55.4 years, respectively; P ¼ 0.0006). A higher proportion of participants with refractory compared with nonrefractory disease was female participants (82.1% and 65.3%, respectively; P ¼ 0.0100). No differences were seen between groups with respect to ethnicity, marital status, living status, or employment status (full-time, part-time, or unemployed; Table 1 ).
Disease activity over the 6 months before enrollment was considerably greater in the cohort with refractory MG, with 58.9% reporting at least 1 exacerbation compared with 42.1% of those with nonrefractory MG (P ¼ 0.03), and 19.6% of participants with refractory MG reporting 4 or more exacerbations compared with 6.3% of those with nonrefractory MG (P ¼ 0.0188; Table 1 ). A higher proportion of participants with refractory than with nonrefractory disease made at least 1 ED visit in the previous 6 months (42.9% vs. 22.0%, respectively; P ¼ 0.0017), and a higher proportion of participants with refractory disease were admitted overnight to a health care institution (37.5%, vs. 18.4% of those with nonrefractory MG; P ¼ 0.0020).
Past and current treatments at registry enrollment are summarized in Table 2 . A higher proportion of participants with refractory than those with nonrefractory MG reported past plasmapheresis or current IVIg therapy.
Functionality measures and ADL are described in Table 3 . Mean MG-ADL total score was significantly higher for participants with refractory MG than for those with nonrefractory MG, which was consistent with the cutoff point of at least 6 to be classified as having refractory MG. Compared with participants with nonrefractory MG, those with refractory disease had significantly worse lower and upper extremity function and higher levels of fatigue and depression. A significantly lower proportion of participants with refractory MG reported their overall health status to be very good or excellent, compared with those with nonrefractory MG (3.6% vs. 20.5%; P ¼ 0.0168).
Mean MG-QOL15 total scores and itemspecific scores are shown in Table 4 . Mean total scores were significantly higher (indicating worse QOL) for participants with refractory than those with nonrefractory MG (31.4 and 20.8, respectively; P , 0.0001). For all of the MG-QOL15 questionnaire items, mean scores were significantly higher for participants with refractory MG (Table 4) , and a significantly higher proportion of these participants reported "quite a bit" or "very much" impact of MG on QOL, compared with participants with nonrefractory MG. In a sensitivity analysis of these findings, when the 26 participants with treatment-refractory MG who did not meet the MG-ADL total score criterion were included, the mean total score for all individuals considered to have refractory MG (n ¼ 82) remained significantly worse than for those with nonrefractory MG (26.3 and 20.8, respectively; P ¼ 0.0014). As expected, inclusion of participants with lower MG-ADL total scores in the refractory group resulted in an attenuation of the difference between MG-QOL15 total scores for refractory versus nonrefractory disease.
Of the 717 participants with nonrefractory MG, 355 (49.5%) had MG-ADL total scores of 6 or higher. The MG-QOL15 mean total score for this subset of participants with 
DISCUSSION
The current study supports the hypothesis that individuals with refractory MG have significantly worse QOL than those with nonrefractory MG. Consistent with previous research, 23 registry participants with refractory MG accounted for 7% of the overall sample, were female, significantly younger, and exhibited greater disease activity, as evidenced by higher rates of exacerbations, ED visits, and hospital admissions over the previous 6 months, than those with nonrefractory MG. Furthermore, the mean MG-QOL15 total score reported for participants with nonrefractory MG in this analysis (20.8) is consistent with that previously reported (19. 3) for the same instrument among patients with gMG. 29 The higher mean MG-QOL15 total score of 31.4 for participants with refractory MG reflects a clinically meaningful difference for this subpopulation compared with those with nonrefractory MG and is consistent with the baseline MG-QOL15 scores reported in the REGAIN trial of eculizumab in patients with refractory gMG. 30 In addition, the sensitivity analysis that included the 26 participants with refractory MG, defined only according to treatment criteria, confirmed that the significantly worse QOL was also found in this larger refractory MG population compared with those with nonrefractory MG. The results are not unexpected because previous research has also shown that poor QOL is correlated with higher levels of disease activity, functional impairments, fatigue, and depression in patients with refractory MG. [17] [18] [19] [20] [21] [22] To the best of our knowledge, this is among the first reported total and item-specific MG-QOL15 scoring for individuals with refractory disease. A closer look at the clinical characteristics of the study population (shown by MG-ADL total scores) provides greater insight into the study findings. When we compared the subset of participants with nonrefractory MG who had MG-ADL scores of at least 6 with the participants who had refractory MG, the correlation between MG-ADL and MG-QOL15 total scores was attenuated to r ¼ 0.55, compared with the correlation between the measures for the total sample of 773 participants (r ¼ 0.77). Furthermore, for this subset with nonrefractory MG and MG-ADL scores of at least 6 compared with those with refractory disease, the MG-QOL15 mean total scores were similar, while there was a significant difference in MG-QOL15 scores observed between all participants with nonrefractory MG and those with refractory MG. Participants in the nonrefractory MG subset and those with refractory disease also had similar levels of exacerbations and overnight admissions, and, at enrollment, generally similar rates of MG therapy use. Consequently, the driving force for the significant difference in MG-QOL15 scores is the difference in MG-ADL total scores between participants with refractory and those with nonrefractory MG, reflecting important differences in functionality between these participant groups.
Some limitations to the validity of these analyses should be noted. Data collected in the Myasthenia Gravis Foundation of America's MG Patient Registry are self-reported. It is, therefore, not possible to confirm details of clinical diagnoses, documented therapies or accuracy of recall of historical treatments, or of symptoms and exacerbations (according to the enrollment survey definitions) beyond the information that participants provide. In addition, participants enrolled in the registry might constitute a self-selected sample with MG with higher educational and socioeconomic status and better Internet access to facilitate participation than the overall MG patient population in the United States. Moreover, individuals who are severely affected by MG may find it difficult to complete the 200-question enrollment survey, meaning that worse affected patients may not have been included in the sample or may have missing data. Another limitation is that the MG-ADL and MG-QOL15 scores are derived from the instruments embedded in the enrollment survey completed online by participants. Both of these instruments have been validated for standalone completion (the MG-ADL questionnaire to be administered by a trained health care professional, while the MG-QOL15 is usually self-administered). 24, 27, 28 Furthermore, the recall period for the MG-ADL questionnaire in the registry enrollment survey is the previous 4 weeks, compared with a recall period of the past 7 days that is used elsewhere in various clinical studies. 30, 31 Finally, the analyses are univariate and not adjusted for different covariate distributions between participants with refractory and nonrefractory MG. However, the observed convergence between most demographic distributions suggests comparability on these parameters. An exception is that participants with nonrefractory MG were older at diagnosis and registry enrollment than those with refractory MG. However, while older age is associated with worse QOL in patients with MG, 19 in this analysis, the younger participants with refractory MG had worse QOL. This demonstrates that the negative effects of refractory status on QOL may dominate those of age. The clear differences seen in scores for functional measures, MG-ADL, and disease characteristics are reflective of the refractory definition. 32 To adjust for these differences through multivariate analyses would dilute the impact of these measures on QOL, which is the basis for the underlying study hypothesis. In addition, these variables likely violate the independence assumption.
In conclusion, the findings of this study demonstrate that individuals with refractory MG not only have an increased clinical burden relative to those with nonrefractory MG, but also experience worse QOL.
